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DIE HEAD APPARATUS, COATING
METHOD, AND LAMINATED BODY
FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national stage application of
International Application No. PCT/JP2018/003198, filed on
Jan. 31, 2018. The present application 1s based on Japan
Patent Application No. 2017-048731 filed on Mar. 14, 2017,
and the contents disclosed therein are incorporated herein as
a whole by reference.

BACKGROUND

Technical Field

The present invention relates to a die head apparatus, a
coating method, and a laminated body forming apparatus.

Background Art

For example, a die head apparatus that 1s used for appli-

cation of a slurry 1s known (for example, refer to Japanese
Laid-Open Patent Application No. 2003-10766.).

The slurry 1s prepared by dispersing a powdered material
in a liquid medium, and contains impurities such as bubbles
and dust. Therefore, there 1s the problem that bubble failure
(impurity failure) may occur due to bubbles remaining on a
coating film that 1s formed by application of the slurry, or
that 1t may be dithicult to form a coating film of uniform
thickness. In particular, the problems described above are
significant 1n a laminated body of coating films that are
formed by repeated application of the slurry.

At the same time, a bubble removal device (dedicated
device for removal of impurities) for removing the bubbles

contained in the slurry 1s known (for example, refer to
Japanese Laid-Open Patent Application No. 2011-350814.).

SUMMARY

Although 1t 1s possible to remove the bubbles contained 1n
the slurry by using the bubble removal device before apply-
ing the slurry, this method has such problems as causing an
increase 1n the size of the overall device, an increase 1n the
cost of the device due to greater complexity of the device
configuration, and a reduction 1 productivity due to an
increase in the number of processes.

In order to solve the problem associated with the prior art
described above, the object of the present invention 1s to
provide a coating method and a die head apparatus that can
form a coating film of uniform thickness without impurity
tallures and without a dedicated device for the removal of
impurities, and a laminated body forming apparatus that can
form a laminated body of the coating film.

One aspect of the present invention which achieves the
object above 1s a die head apparatus for applying a slurry to
a substrate that 1s transported to form a coating film,
comprising a iront blade, a rear blade, a center blade, and an
internal 1mpurity removal space. The front blade and the
center blade are configured to form a slurry pool. The
internal 1mpurity removal space 1s positioned between the
center blade and the rear blade. The distance separating the
rear blade and the substrate 1s set smaller than the distance
separating the center blade and the substrate.
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Another aspect of the present invention which achieves
the object above 1s a coating method for applying a slurry to

a substrate that 1s transported to form a coating film. In the
above-described coating method for forming the coating
f1lm with a uniform thickness: when the substrate passes the
center blade, the slurry 1s applied to the substrate; when the
substrate passes through the internal impurity removal
space, the impurities contained 1n the coating film of the
slurry that 1s applied to the substrate are removed by floating
to the surface of the coating film and escaping therefrom;
and when the substrate passes the rear blade, the surface of
the coating film 1s smoothed.

Yet another aspect of the present invention which
achieves the object above 1s a laminated body forming
apparatus for forming a laminated body of a coating film on
a transported substrate, comprising a plurality of the die
head apparatuses, where the plurality of die head appara-
tuses are arranged in series along the substrate transport
direction, and external impurity removal spaces for remov-
ing impurities that are contained in a coating film slurry are
provided on downstream sides of the plurality of die head
apparatuses 1n the transport direction.

By means of one aspect and another aspect of the present
invention, since, after passing the center blade, the coating
film slurry has small thickness, 1n the internal impurity
removal space located between the center blade and the rear
blade, the mmpurities contained in the coating film are
removed by tloating to the surface of the coating film and
escaping. In addition, when the substrate passes the rear
blade, the surface of the coating film 1s smoothed (cor-
rected), thereby forming the coating film with uniform
thickness. Thus, 1t 1s possible to provide a coating method
and die head apparatus that can form a coating film of
uniform thickness without impurity failures and without a
dedicated device for the removal of impurities.

By means of yet another aspect of the present invention,
in the coating film formed by the die head apparatus, the
remaining impurities are removed in the external impurity
removal space, aifter which another slurry 1s applied to the
surface of the coating film by another die head apparatus,
thereby forming a laminated body of the coating films. Thus,
it 15 possible to provide a coating method and laminated
body forming apparatus that can form a laminated body of
the coating films of umiform thickness without impurity
failures and without a dedicated device for the removal of
impurities.

Other objects, features, and characteristics of the present
invention should become apparent with reference to the
preferred embodiments illustrated 1n the following descrip-
tions and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view for explaining a half-cell
layer of a fuel cell according to an embodiment of the
present 1vention.

FIG. 2 1s a side view lor explamning a laminated body
forming apparatus for forming the hali-cell layer shown 1n
FIG. 1.

FIG. 3 1s a schematic view for explaining the formation of
a laminated body by the laminated body forming apparatus.

FIG. 4 1s a perspective view for explaining a die head
apparatus shown 1n FIG. 2.

FIG. 5 1s a perspective view for explaining an internal
structure of the die head apparatus.

FIG. 6 1s a cross-sectional view for explaining the internal
structure of the die head apparatus.
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FIG. 7 1s a schematic view for explaining the formation of
the coating film by the die head apparatus.

FIG. 8 1s a flow chart for explaining a coating method
according to an embodiment of the present invention.

FIG. 9 1s a flow chart for explaining a first coating film
forming step shown in FIG. 8.

FIG. 10A 1s a perspective view lfor explamning a first
modified example according to the embodiment of the
present mvention.

FIG. 10B 1s a bottom surface view for explaining the first
modified example according to the embodiment of the
present invention.

FIG. 11A 1s a perspective view for explaining a second
modified example according to the embodiment of the
present invention.

FIG. 11B 1s a bottom surface view for explaiming the
second modified example according to the embodiment of
the present ivention.

FIG. 12 1s a cross-sectional view for explaining a third
modified example according to the embodiment of the
present mvention.

FIG. 13 1s a cross-sectional view for explaining a fourth
modified example according to the embodiment of the
present mvention.

FIG. 14 1s a cross-sectional view for explaining a fifth
modified example according to the embodiment of the
present invention.

FIG. 15 1s a cross-sectional view for explaining a sixth
modified example according to the embodiment of the
present invention.

FIG. 16 1s a cross-sectional view for explaining a seventh
modified example according to the embodiment of the
present mvention.

FIG. 17 1s a cross-sectional view for explaining an eighth
modified example according to the embodiment of the
present mvention.

FIG. 18 1s a cross-sectional view for explaining a ninth
modified example according to the embodiment of the
present mvention.

FIG. 19 1s a side view for explaining a tenth modified
example according to the embodiment of the present inven-
tion.

FI1G. 20 1s a side view for explaining an eleventh modified

example according to the embodiment of the present inven-
tion.

FIG. 21A 1s a cross-sectional view for explaining the die
head apparatus positioned on a most upstream side of a
transport direction shown in FIG. 20.

FIG. 21B 1s a cross-sectional view for explaining the die
head apparatus positioned downstream of the die head
apparatus of FIG. 21A 1n the transport direction.

FIG. 21C 1s a cross-sectional view for explaining the die
head apparatus positioned downstream of the die head
apparatus of FIG. 21B 1n the transport direction.

FIG. 22 1s a schematic view for explaining the formation
of the laminated body by the laminated body forming
apparatus shown 1n FIG. 20.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Embodiments of the present invention are described
below with reference to the drawings. The dimensional
ratios of the drawings are exaggerated for convenience of
explanation and may differ from the actual ratios.
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FIG. 1 1s a cross-sectional view for explaining a half-cell
layer of a fuel cell according to an embodiment of the
present 1nvention.

A fuel cell 10 according to the embodiment of the present
invention 1s a solid oxide fuel cell (SOFC) having a cathode
layer 20 and a half-cell layer 30, as shown i FIG. 1.

The cathode layer 20 1s, for example, an air electrode
layer having a thickness of 10-350 um and 1s 1n contact with
the half-cell layer 30. The cathode layer 20 has catalytic
ability and electronic conductivity and comprises a conduc-
tive ceramic, for example.

The half-cell layer 30 1s a laminated body comprising
three layers, including a metal support layer 40, an anode
layer 50, and a solid electrolyte layer 60.

The metal support layer 40 has a thickness of, for
example, 100-800 um. The metal support layer 40 1s elec-
tronically conductive and has a function of supporting
expansion and contraction of a battery. Specifically, the
metal support layer 40 comprises a metal material, such as
stainless steel.

The anode layer 30 1s, for example, a fuel electrode layer
having a thickness of 10-50 um. The anode layer 30 has
catalytic ability, electronic conductivity, and ionic conduc-
tivity. Specifically, the anode layer 50 contains an activation
catalyst, a metal-based material, and a ceramic-based mate-
rial.

The solid electrolyte layer 60 has, for example, a thick-
ness of 1-30 um, and 1s sandwiched by the cathode layer 20
and the anode layer 50. The solid electrolyte layer 60 has
ionic conductivity, and comprises, for example, a ceramic-
based material, such as stabilized zirconia.

Next, a laminated body forming apparatus 100 for form-
ing the half-cell layer will be described.

FIG. 2 1s a side view for explaining the laminated body
forming apparatus for forming the half-cell layer shown 1n
FIG. 1, and FIG. 3 1s a schematic view for explaining the
formation of the laminated body by means of the laminated
body forming apparatus.

As shown 1n FIGS. 2 and 3, the laminated body forming
apparatus 100 1s a roll-to-roll coating device that forms a
laminated body of coating films 42, 52, 62 by applying three
types of slurries S ,, S, S on a thin-film sheet-like substrate
80. Reference symbols D,,, D,-, and D, indicate the
thicknesses of the coating films 42, 52, 62, and the reference
symbol T indicates the transport direction of the substrate
80. A case in which bubbles (air bubbles) are contained as
impurities 1 the coating films 42, 52, 62 in the present
embodiment will be described.

The material of the substrate 80 1s not particularly limited.
However, 1n the present embodiment, the formed laminated
body of the coating films 42, 52, 62 1s peeled off of the
substrate 80; thus, the material of the substrate 80 1s prei-
erably a resin having good releasability. Examples of resins
having good releasability include polyethylene terephthalate
(PET), polytetratluoroethylene (PTFE), and silicone resin.

The laminated body forming apparatus 100 comprises a
transport device 110, die head apparatuses 120A, 1208,
120C, slurry supply devices 170A, 170B, 170C, external
bubble removal spaces (external impurity removal spaces)
180A, 1808, 180C, and a control device 190.

As shown 1n FIG. 2, the transport device 110 1s used for
transporting the substrate 80 and includes a feed roll 111, a
drive roller 112, a take-up roll 114, a tension control device
115, and a support table 117.

The feed roll 111, around which the substrate 80 1s wound
in the form of a roll, 1s rotatably disposed. The drive roller

112 1s used to feed the substrate 80 from the teed roll 111 and
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to supply the substrate to the die head apparatuses 120A,
1208, 120C by means of friction force.

The drive roller 112 1s configured to have a variable

rotational speed so as to be capable of adjusting the transport
speed ol the substrate 80. The drive roller 112 1s, for
example, a resin roller formed from a resin having good a
coeflicient of friction, a rubber roller formed from a rubber
having a good coellicient of friction, or a metal roller having
a coating layer of resin or rubber that has a good coethicient
ol friction.

The 1nstalled number and positions of the drive rollers 112
are appropriately set 1n consideration of the materials of the
slurries, the installed number of the die head apparatuses, the
transport distance, and the like. For example, the drive roller
112 can be disposed downstream of the die head apparatus
120C 1n the transport direction T, or downstream of each of
the die head apparatuses 120A, 120B, 120C 1n the transport
direction T.

The take-up roll 114 1s rotatably disposed and 1s used to
take up the substrate 80, on which the laminated body of the
coating films 42, 52, 62 1s disposed, in the form of a roll. The
tension control device 115 controls the tension of the sub-
strate 80 by adjusting the rotational speed of the take-up roll
114 and 1s configured to suppress, for example, the forma-
tion of wrinkles in the substrate 80, the stretching of the
substrate 80, and the breakage of the substrate 80.

The support table 117 supports the back surface of the
substrate 80 to be transported, and the contact surface with
the substrate 80 has a good degree of smoothness in order to
ensure the smooth transport of the substrate 80. From the
standpoint of precise flatness, the support table 117 1s
preferably formed from a glass plate, a stone surface plate,
or a stainless-steel plate, but no limitation 1s i1mposed
thereby. For example, the material of the support table 117
1s appropriately selected 1n consideration of cost and weight,
in addition to precise tlatness.

The die head apparatuses 120A, 120B, 120C are disposed
in series and adjacent to each other 1n the transport direction
T of the substrate 80 (refer to FIG. 3). The die head
apparatus 120A 1s configured to form the coating film 42
which constitutes the metal support layer 40 of the hali-cell
layer 30. The die head apparatus 120B 1s configured to form
the coating film 52 which constitutes the anode layer 50 of
the half-cell layer 30. The die head apparatus 120C 1s
configured to form the coating film 62 which constitutes the
solid electrolyte layer 60 of the half-cell layer 30.

The slurry supply devices 170A, 1708, 170C include
slurry tanks 172A, 172B, 172C, pumps 174A, 1748, 174C,
and piping systems 176 A, 1768, 176C.

The slurry tanks 172A, 172B, 172C accommodate slurries
S,, Sz, S, that form the coating films 42, 52, 62. The
viscosity of the slurries S, Sz, S~ 1s, for example, 5,000-
50,000 cP. The pumps 174A, 1748, 174C are gear pumps,
such as mono pumps or Viking pumps, or are screw pumps,
and are used to feed the slurries S ,, S, S,

The slurry S, contains powder of the material that con-
stitutes the metal support layer 40. The slurry S, contains
powder of the material that constitutes the anode layer 50.
The slurry S~ contains powder of the material that consti-
tutes the solid electrolyte layer 60. In addition to the above,
the slurnies S ,, Sz, S~ appropnately contain a dispersion
medium, an additive, and the like. The dispersion medium 1s,
for example, an alcohol solvent, an ether solvent, an ester
solvent, a ketone solvent, a cyclic ether solvent, or an
aromatic hydrocarbon solvent. The additive 1s, for example,
a sintering aid or a thickener.
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6
The piping systems 176 A, 1768, 176C connect the slurry
tanks 172A, 172B, 172C, the pumps 174A, 1748, 174C, and
the die head apparatuses 120A, 120B, 120C, and also
include filters 177A, 1778, 177C and pressure gauges 178 A,
1788, 178C.
The filters 177A, 1778, 177C are configured to remove

large dust, aggregates, etc., contained 1n the slurries S ,, Sy,
S.. The pressure gauges 178A, 1788, 178C are used to

detect the supply pressure of the slurries S, S5, S

The external bubble removal spaces 180A, 1808, 180C
are provided downstream of the die head apparatuses 120A,
1208, 120C, respectively, in the transport direction T and are
configured to remove bubbles (1mpurities) contained 1n the
coating films 42, 352, 62 (refer to FIG. 3). The external
bubble removal spaces 180A, 1808, 180C also have the

function of securing the time required for leveling, drying,
and curing the coating films 42, 52, 62 and facilitating the
stacking. Accordingly, since the occurrence of mixing (mix-
ing) at the interfaces of the coating films 42, 52, 62 1is
suppressed, there 1s excellent flexibility in the applicable

slurry types.
The control device 190 comprises a control circuit having

a microprocessor, and the like, which execute various con-
trols and calculation processes 1n accordance with a pro-
gram. The control device 190 1s connected to the drive roller
112, the tension control device 115, the slurry tanks 172A,
1728, 172C, and the pumps 174A, 1748, 174C, and various
functions of the laminated body forming apparatus 100 are
realized by means of execution of the corresponding pro-
grams by the control device 190.

The slurry supply device 1s not limited to the configura-
tion described above; 1t 1s also possible to apply, for
example, a dispenser that i1s capable of discharging the
slurry. The dispenser capable of discharging the slurry 1s, for
example, a dispenser manufactured by HEISHIN Ltd., 1n
which 1s incorporated a structure similar to a mono pump.

Next, the die head apparatus 1s described 1n detail.

FIG. 4 1s a perspective view for explaining the die head
apparatus shown 1n FIG. 2; FIGS. 5 and 6 are a perspective
view and a cross-sectional view, respectively, for explaiming

an internal structure of the die head apparatus; and FIG. 7 1s
a schematic view for explaining the formation of the coating
film by the die head apparatus.

As shown i FIGS. 4-6, the die head apparatus 120A
comprises a casing 122A, a supply part 124 A, a front blade
130A, a center blade 140A, an internal bubble removal
space (1nternal impurity removal space) 150A, a rear blade
160A, an adjustment screws 137A, 147A, 167 A, and {ixing
screws 138A, 148A, 168A.

The casing 122A 1s essentially rectangular and has a
bottom surface that faces the transported substrate 80 and an
upper surface positioned on the opposite side of said bottom
surface. An opening for applying the slurry S, to the
substrate 80 1s formed on the bottom surface of the casing
122 A. The supply part 124 A 1s disposed on the upper surface
of the casing 122A.

The supply part 124 A has a slit 125, to which the piping
system 176A of the slurry supply device 170A 1s connected.
The slit 125 1s disposed at the outlet of the supply part 124 A
and 1s configured to evenly supply the slurry S, 1n a lateral
direction L orthogonal to the transport direction T (refer to
FIG. 5). The slit 125 can be appropnately omitted as deemed
necessary.

The supply width of the slurry S, corresponds to the
length of the slit 125 along the lateral direction L orthogonal
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to the transport direction T. The supply thickness of the
slurry S, corresponds to the width of the slit 125 1n the
transport direction T.

The front blade 130A has a right triangular cross section
and extends in the lateral direction L (refer to FIGS. 5 and
6). The front blade 130A has a front surface 131 positioned
on the upstream side 1n the transport direction T and a back
surface 134 positioned on the downstream side i1n the
transport direction T. The front surface 131 extends in a
vertical direction V with respect to the transport direction T.
The back surface 134 has an inclined surface 135 that
corresponds to the hypotenuse of a right triangle. The
inclined surface 135 1s positioned immediately below the slit
125 and 1s configured such that the slurry S, tlows down-
ward toward the center blade 140A. The angle of inclination
of the back surface 134 1s appropriately set 1n consideration
of the viscosity of the slurry S ,, and the like.

The adjustment screw 137A 1s connected to the upper
portion of the front blade 130A and is configured to be
capable of moving the front blade 130A along the vertical
direction V. Accordingly, 1t 1s possible to change the distance
separating the front blade 130A and the substrate 80 by
adjusting the adjustment screw 137A. For example, the
distance separating the front blade 130A from the substrate
80 1s set so that there 1s no interference with the passage of
the substrate 80 and so that the slurry S , does not flow out.

The fixing screw 138A 1s positioned to face a side surtace
of the front blade 130A. The fixing screw 138 A 1s configured
to 11x the position of the front blade 130A, which 1s adjusted
by the adjustment screw 137A, by abutting the side surface
of the front blade 130A.

The center blade 140A 1s positioned downstream of the
front blade 130A 1n the transport direction T, has an essen-
tially rectangular cross section, and extends in the lateral
direction L (refer to FIGS. 5 and 6). The center blade 140A
has a front surface 141 positioned on the upstream side in the
transport direction T and a back surface 144 positioned on
the downstream side 1n the transport direction 1. The front
surface 141 faces the back surface 134 of the front blade
130A and has an 1rregularly shaped portion 142. The center
blade 140A 1s configured to form a pool of the slurry S,
together with the front blade 130A.

The adjustment screw 147A 1s connected to the upper
portion of the center blade 140A and 1s configured to be
capable of moving the center blade 140A 1n the vertical
direction V. Thus, 1t 1s possible to change the distance
separating the center blade 140A and the substrate 80 by
adjusting the adjustment screw 147A.

The fixing screw 148A 1s positioned to face a side surface
of the center blade 140A. The fixing screw 148A 1s config-
ured to fix the position of the center blade 140A, which 1s
adjusted by the adjustment screw 147 A, by abutting the side
surface of the center blade 140A.

Since the slurry S, has a high viscosity (for example,
5,000-50,000 cP) and the liquid pressure 1s high inside the
slurry S , pool, the bubbles contained 1n the slurry S , do not
readily rise. In addition, because there 1s normally a high
pressure loss, bubbles remain 1n the gap between the center
blade 140A and the substrate 80 and gather to form large
bubbles. Therefore, there 1s the risk that bubble failure
(impurity failure) occurs 1n the coating film that 1s formed by
passing the center blade 140A.

However, the rregularly shaped portion 142 of the front
surface 141 of the center blade 140A comprises a sloped
portion that i1s inclined in the transport direction T and
functions as a rotation application portion that applies a
rotational force to the slurry S , 1n the pool (retfer to FIG. 7).

5

10

15

20

25

30

35

40

45

50

55

60

65

8

Therefore, the bubbles contained in the slurry S, do not
remain there, and are efliciently fed to the back surface 144
of the center blade 140A without aggregating to form large
bubbles, so that the occurrence of bubble failure 1s sup-
pressed.

The angle of inclination 0 of the irregularly shaped
portion (sloped portion) 142, although dependent on the
viscosity of the slurry S ,, 1s preferably 30-60°. The angle of
inclination 0 of the irregularly shaped portion (sloped por-
tion) 142 preferably does not vary with respect to the lateral
direction L. Vanation in the width W, of the distal end
portion of the center blade 140A 1s preferably suppressed
within the range of 0.003-0.1 mm, in absolute value. The
width W, although dependent on the viscosity of the slurry
S ,, can be set to 0 mm, that 1s, to an acute angle.

The rotational force of the slurry S | 1s not limited to being
controlled by use of the angle of inclination 0 and may be
controlled by use of, for example, the pressure at which the
slurry S, passes the center blade 140A (passage pressure).
The passage pressure can be adjusted by increasing the
transport speed of the substrate 80 or pressurizing the slurry
S , 1n the pool.

The rear blade 160A 1s positioned downstream of the
center blade 140A 1n the transport direction T, has an
essentially rectangular cross section, and extends in the
lateral direction L (refer to FIGS. S and 6). The rear blade
160A has a front surface 161 positioned on the upstream side
in the transport direction T and a back surface 164 posi-
tioned on the downstream side 1n the transport direction T.
The front surface 161 faces the back surface 144 of the
center blade 140 A and has an 1rregularly shaped portion 162.

The adjustment screw 167A 1s connected to the upper
portion of the rear blade 160A and 1s configured to be
capable of moving the rear blade 160A along the vertical
direction V. Accordingly, 1t 1s possible to change the distance
separating the rear blade 160A and the substrate 80 by
adjusting the adjustment screw 167A.

The fixing screw 168 A 1s positioned to face a side surface
of the rear blade 160A. The fixing screw 168A 1s configured
to fix the position of the rear blade 160A, which 1s adjusted
by the adjustment screw 167A, by abutting the side surtace
of the rear blade 160A.

The distance D, , separating the rear blade 160A and the
substrate 80 1s set smaller than the distance D, , separating
the center blade 140A and the substrate 80 (refer to FIG. 7).
Accordingly, the surface of the coating film of the slurry S,
1s smoothed (corrected) when the substrate passes the rear
blade 160A by using an ironing eflect of the press, thereby
forming the coating film 42 with a uniform thickness.

The 1rregularly shaped portion 162 comprises a quarter-
circle (fan-shaped) curved portion. The distance D, , sepa-
rating the substrate 80 and the start position SP of the
irregularly shaped portion (curved portion) 162 1s set larger
than the distance D, , separating the center blade 140A and
the substrate 80. Accordingly, the irregularly shaped portion
(curved portion) 162 functions as a guide portion that guides
the bubbles contained 1n the coating film to the surface of the
coating film to thereby etliciently remove the air bubbles
contained 1n the coating film.

The vanation 1n the width W, of the distal end portion of
the rear blade 160A at the end position EP of the irregularly
shaped portion (curved portion) 162 1s preferably suppressed
within the range of 0.003-0.1 mm, 1n absolute value. The
width W ,, although dependent on the viscosity of the slurry
S ,, can be set to 0 mm, that 1s, to an acute angle.

The imternal bubble removal space 150A 1s positioned

between the center blade 140A and the rear blade 160A and
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1s provided i order to remove bubbles (1mpurities) con-
tained in the coating film of the slurry S ,, which are applied
to the substrate 80 (refer to FIGS. 6 and 7).

That 1s, after the slurry S |, passing the center blade 140A,
the slurry S , has a small thickness and the liquid pressure 1s
decreased, so that the bubbles readily rise. In addition, there
1s also the eflect that, when the dispersion medium 1n the
slurry evaporates, air bubbles are entrained to the surface.
Accordingly, in the internal bubble removal space 150A, the
bubbles are easily removed by floating to the surface of the
coating film and escaping. The depressions on the surface
created by the bubbles escaping are pressed when passing
the rear blade 160A and smoothed, thereby ensuring that the
coating {ilm 42 has a uniform thickness.

The materials of the front blade 130A, the center blade

140A, and the rear blade 160A are preferably 400 series
stainless steel, 600 series stainless steel, cemented carbide,
or the like from the standpoint of precise flatness and
parallelism. At least the surfaces of the front blade 130A, the
center blade 140A, and the rear blade 160A that come i1nto
contact with the slurry S, are preferably lapped in order to
prevent inhibition of the flowability of the slurry S, and
contamination due to aggregation.

The die head apparatuses 1208, 120C have essentially the
same configuration as the die head apparatus 120A; thus,
similar reference symbols have been assigned to members
having similar functions, and the descriptions thereof have
been omitted to avoid redundancy.

Since the substrate 80 on which the coating film has been
formed 1s supplied to the die head apparatuses 1208, 120C,
the respective distances separating the front blades 1308,
130C, the center blades 140B, 140C, and the rear blades
1608, 160C from the substrate 80 are appropnately set 1n
consideration of the thicknesses D, ,, D, of the coating film
(refer to FIG. 3).

For example, the distance separating the front blade 130B
of the die head apparatus 120B from the substrate 80 1s set
so that there 1s no interference with the passage of the
substrate 80 on which the coating film 42 with the thickness
D, , 1s Tormed, and so that the slurry S; does not flow out.
The distance separating the front blade 130C of the die head
apparatus 120C from the substrate 80 is set so that there 1s
no interference with the passage of the substrate 80 on which
the coating film 42 with the thickness D, , and the coating
film 52 with the thickness D, are formed, and so that the
slurry S does not flow out.

As described above, by using the die head apparatus
according to the present embodiment, 1t 1s possible to form
the coating film of uniform thickness without bubble failures
(impurity failures) and without using a dedicated bubble
removal device (for the removal of impurities). In addition,
by using the laminated body forming apparatus according to
the present embodiment, in the coating film formed by the
die head apparatus, the remaining impurities are removed 1n
the external impurity removal space, after which another
slurry 1s applied to the surface thereof by another die head
apparatus, thereby forming a laminated body of the coating
film. Accordingly, 1t 1s possible to form the laminated body
of the coating film of uniform thickness without bubble
tallures (impurity failures) and without using a dedicated
bubble removal device (for removal of impurities).

The number of die head apparatuses provided in the
laminated body forming apparatus 1s not limited to three and
1s appropriately set 1in accordance with, for example, the
configuration of the laminated body to be formed. In addi-
tion, a single die head apparatus may be used by itseltf.
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From the standpoint of suppressing unexpected contami-
nation and admixtures of foreign objects 1n the coating film,
the laminated body forming apparatus 1s preferably installed
in a cleanroom.

The laminated body forming apparatus 1s not limited to
the roll-to-roll system, and a roll-to-sheet system may be
applied as well.

The laminated body forming apparatus and the die head
apparatus are not limited to a mode that 1s applied to forming
the half-cell layer of the solid oxide fuel cell (SOFC) and
may be applied to the formation of layers that constitute a

lithium-10n battery or a polymer electrolyte membrane fuel
cell (PEM-FC).

For example, in the case of application to a lithium-ion
battery, the substrate 1s the current collector made from a
metal film such as copper foil, aluminum foil, or stainless
steel foil, and the slurry contains a powder of a material
constituting the active material layer. In the case of appli-
cation to a polymer electrolyte membrane fuel cell, the
substrate 1s the electrolyte membrane, and the slurry con-
tains a powder of a material constituting the catalyst layer.
Alternatively, the substrate 1s a resin sheet (auxiliary mate-
rial) made of a PTFE sheet or a PET sheet, the slurry
contains a powder of a material constituting the catalyst
layer and 1s attached to a separately formed electrolyte
membrane. The resin sheet 1s peeled ofl of the catalyst layer
at an appropriate timing.

The coating method to which the laminated body forming,
apparatus 100 1s applied will now be described.

FIG. 8 1s a flow chart for explaiming the coating method
according to an embodiment of the present invention. The
functions corresponding to the steps of the flow chart shown
in FIG. 8 are realized by using execution of the correspond-
ing programs by the control device 190.

The coating method according to the embodiment of the
present nvention 1s used for coating three types of the
slurries S ,, S5, S~ on the thin film sheet-like substrate 80 to
form the laminated body of the coating films 42, 52, 62, and.,
as shown 1n FIG. 8, comprises a first coating film formation
step, a first external bubble removal step (first external
impurity removal step), a second coating film formation
step, a second external bubble removal step (second external
impurity removal step), a third coating film formation step,
and a third external bubble removal step (third external
impurity removal step).

In the first coating film formation step, the slurry S, 1s
supplied from the slurry supply device 170A to the die head
apparatus 120A, and the coating film 42 with the thickness
D, , 1s formed on the substrate 80 (refer to FIG. 3). The
slurry S, contains a powder of a material constituting the
metal support layer 40 of the hali-cell layer 30, and thus the
coating film 42 constitutes the metal support layer 40.

The substrate 80, wound 1n a roll around the feed roll 111
and fed from the feed roll 111 by means of the friction force
of the drnive roller 112, 1s continuously transported toward
the take-up roll 114 via the die head apparatus 120A, the
external bubble removal space 180A, the die head apparatus
1208, the external bubble removal space 180B, the die head
apparatus 120C, and the external bubble removal space
180C.

In the first external bubble removal step, the bubbles
contained 1n the coating film 42 are removed when the
substrate 80 on which the coating film 42 1s formed passes
through the external bubble removal space 180A provided
downstream of the die head apparatus 120A 1n the transport
direction T.
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In the second coating film formation step, the slurry S 1s
supplied from the slurry supply device 170B to the die head
apparatus 120B, and the coating film 352 with the thickness
D, 5 1s formed on the substrate 80. The slurry S; contains a
powder of a material constituting the anode layer 50 of the
half-cell layer 30, and thus the coating film 52 constitutes the
anode layer 50.

In the second external bubble removal step, the bubbles
contained 1n the coating film 52 are removed when the
substrate 80 on which the coating films 42, 52 are formed
passes through the external bubble removal space 180B
provided downstream of the die head apparatus 120B 1n the
transport direction T.

In the third coating film formation step, the slurry S, 1s
supplied from the slurry supply device 170C to the die head
apparatus 120C, and the coating film 62 with the thickness
D, 1s formed on the substrate 80. The slurry S, contains a
powder ol a material constituting the solid electrolyte layer
60 of the half-cell layer 30, and thus the coating film 62
constitutes the solid electrolyte layer 60.

In the third external bubble removal step, the bubbles
contained in the coating film 62 1s removed when the
substrate 80 on which the coating films 42, 52, 62 are formed
passes through the external bubble removal space 180C
provided downstream of the die head apparatus 120C 1n the
transport direction 1. The substrate 80 on which the coating
films 42 52, 62 are formed 1s then wound 1n a roll around the
take-up roll 114.

After being peeled off of the substrate 80, the laminated
body of the coating films 42, 52, 62 1s subjected to, for
example, a degreasing step and a firing step to become the
half-cell layer 30 comprising the metal support layer 40, the
anode layer 50, and the solid electrolyte layer 60.

The first coating film forming step to which the die head
apparatus 120A 1s applied will now be described 1n detail.

FIG. 9 1s a tlow chart for explaiming a {first coating film
formation step shown i FIG. 8.

The substrate 80 that 1s fed from the feed roll 111 passes
the front blade 130A (refer to FIG. 7).

The substrate 80 then passes through the pool of the slurry
S , formed between the front blade 130A and the center blade
140A, and, thus applying the slurry S , with the center blade
140A and forming the coating film.

At this time, the 1rregularly shaped portion (sloped por-
tion) 142 of the center blade 140A functions as a rotation
application part that applies a rotary force to the slurry S ,,
and the bubbles contained in the slurry S , do not remain and
are elliciently fed to the back surface 144 of the center blade
140A without aggregating to form large bubbles.

The substrate 80 then passes through the internal bubble
removal space 150A. At this time, since the thickness of the
coating film formed on the substrate 80 1s thin, the bubbles
contained 1n the coating film are removed when the bubbles
float to the surface of the coating film and escape.

The substrate 80 then passes by the rear blade 160A. At
this time, since the distance D, , separating the rear blade
160A and the substrate 80 1s set smaller than the distance
D, , separating the center blade 140A and the substrate 80,
the surface of the coating film formed on the substrate 80 1s
smoothed (corrected) by means of the roning eflect of the
press; in this way, the coating film 42 1s formed with uniform

thickness.
In addition, the distance D, , separating the substrate 80

and the start position SP of the imrregularly shaped portion
(curved portion) 162 of the rear blade 160A 1s set larger than
the distance D, , separating the center blade 140A and the
substrate 80. Accordingly, the irregularly shaped portion
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(curved portion) 162 functions as a guide portion that guides
the bubbles contained 1n the coating film to the surface of the
coating {ilm to thereby ethiciently remove the air bubbles
contained 1n the coating film. Thereafter, the substrate 80 1s
transported to the first external bubble removal step (exter-
nal bubble removal space 180A).

As described above, by means of the coating method
according to the first coating {ilm forming step, 1t 1s possible
to form the coating film 42 with uniform thickness without
bubble failures (1mpurity failures) and without using a
dedicated bubble removal device ({or the removal of 1mpu-
rities).

The operations of the second and third coating film
forming steps to which the die head apparatuses 1208, 120C
are applied have essentially the same configuration as the
operation of the first coating film forming step to which the
die head apparatus 120A 1s applied, so that the descriptions
thereofl are omitted.

Next, a performance evaluation of examples produced by
means ol the coating method according to the present
embodiment will be described.

In the performance evaluation, the thicknesses of the solid
clectrolyte layers and the anode layers were compared 1n
terms of uniformity The uniformity of thickness was evalu-
ated by examining the variation in thickness of each layer.
The bubble removal efiect was compared for the metal
support layers. The bubble removal eflect was evaluated
based on the bubble generation rate. Comparative examples
were formed using a film applicator (doctor blade) manu-
factured by Yasuda Seiki Seisakusho. In the formation of the
metal support layers 1n the comparative example, the slurry
constituting the metal support layer was applied 1n a state 1n
which bubbles were contained 1n the slurry and was not
subjected to preliminary bubble removal.

The absolute value of the varniation 1n the thicknesses of
the solid electrolyte layers was 5 um for the examples and
21 um for the comparative examples. The absolute value of
the variation 1n the thicknesses of the anode layers was 3 um
for the examples and 25 um for the comparative examples.
The bubble generation rate per 100 mm~ of the metal support
layer was 10 for the examples and greater than or equal to
200 for the comparative example.

As described above, unlike the comparative examples, the
examples had a good uniformity of thickness and a low
bubble generation rate.

Next, first and second modified examples are described.

In the following FIGS. 10A to 18, the casing, the front

blades, the center blades, the internal bubble removal spaces,
and the rear blades of the die head apparatuses 120A, 1208,

120C are respectively designated by reference numerals
122, 130, 140, 150, and 160. The slurries S, S5, S, are
designated by the reference symbol S. In addition, the
distances separating the front blade 130, the center blade
140, and the rear blade 160 from the substrate 80 are
represented by the setting of the die head apparatus 120A.
FIGS. 10A and 10B are a perspective view and a bottom
surface view for explamning the first modified example
according to the embodiment of the present invention, and
FIGS. 11A and 11B are a perspective view and a bottom
surface view for explaining the second modified example
according to the embodiment of the present invention.
The angle of inclination of the 1rregularly shaped portion
142 of the center blade 140 preferably 1s constant with
respect to the transport direction T and the vertical direction
V when the slurry i1s constantly fed 1n a state of evenly
spreading out 1n the lateral direction. However, there are
cases 1 which turbulent flow occurs 1n the slurry in the
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slurry pool that 1s formed between the center blade 140 and
the front blade. In this case, 1t 1s preferable to laminarize the
flow of the slurry by changing the width of the distal end
portion of the center blade 140 and the angle of inclination
of the wrregularly shaped portion 142 in the lateral direction

L

For example, when the slurry supply part 124 1s disposed
above the central portion of the slurry pool and the flow of
the slurry from the central portion to the two ends occurs in
the slurry pool, as shown m FIGS. 10A and 10B, 1t 1s
preferable to laminarize the flow of the slurry by making the
width of the distal end portion of the central portion 146B of
the center blade 140 1n the lateral direction L thicker than the
width of the distal end portions on the both ends 146A,
146C.

In addition, for example, when the slurry supply part 124
1s disposed above one end of the slurry pool and the flow of
the slurry from the one end to the other end occurs 1n the
slurry pool, as shown 1n FIGS. 11A and 11B, 1t 1s preferable
to laminarize the flow of the slurry by making the width of
the distal end portion of the one end 146 A of the center blade
140 1n the lateral direction L thicker than the width of the
distal end portions of the other end 146C.

Next, third and fourth modified examples are described.

FIGS. 12 and 13 are cross-sectional views for explaining
the third and fourth modified examples according to the
embodiment of the present invention.

The wrregularly shaped portion 142 of the center blade 140
constituting the rotation application portion that applies a
rotational force to the slurry S 1s not limited to being
configured by the sloped portion. For example, the 1rregu-
larly shaped portion 142 can also be configured from the
curved portion shown 1n FIG. 12, or from a shape that has
both the curved portion 143B and the inclined portion 143A
shown 1n FIG. 13.

Next, a fifth modified example 1s described.

FIG. 14 1s a cross-sectional view for explaining the fifth
modified example according to the embodiment of the
present invention.

The center blade 140 pretferably has a guide portion 145
on the back surface 144 of the distal end portion. The guide
portion 145 comprises, for example, the inclined portion
shown 1n FI1G. 14, and 1s configured to guide the coating film
of the slurry S away from the substrate 80 and toward the
internal bubble removal space 150. In this case, the slurry S
1s discharged so as to be guided by the guide portion 1435 and
expand, so that eflicient removal of the air bubbles contained
in the slurry S 1s possible.

Next, sixth to eighth modified examples are described.

FIGS. 15-17 are cross-sectional views for explaiming the
sixth to the eighth modified examples according to the
embodiment of the present invention.

The irregularly shaped portion 162 of the rear blade 160
constituting the guide portion that guides the bubbles con-
tained 1n the coating film of the slurry S to the surface of the
coating film 1s not limited to being comprised of the quarter-
circle (fan-shaped) curved portion. For example, the 1rregu-
larly shaped portion 162 can also be configured from the
inclined portion shown in FIG. 15, configured from a shape
that has both the curved portion 163B and the inclined
portion 163A shown in FIG. 16, or be configured from the
roller-shaped curved portion shown in FIG. 17. If the
irregularly shaped portion 162 1s configured by the roller-
shaped curved portion, 1t 1s possible to reliably smooth
(correct) the surface of the coating film.

Next, a ninth modified example 1s described.
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FIG. 18 1s a cross-sectional view for explamning the ninth
modified example according to the embodiment of the
present 1nvention.

The mternal bubble removal space 150 1s not limited to
the mode of being under atmospheric pressure (open sys-
tem ), and may be under negative pressure. In this case, since
it becomes easy for the bubbles contained 1n the coating film
of the slurry to tloat to the surface, the bubbles are reliably
removed.

The negative pressure of the internal bubble removal
space 150 can be achieved by, for example, disposing a
hollow vessel 154 and a vacuum pump 1352 1n the die head
apparatus, as shown i FIG. 18.

The hollow vessel 154 has an opening 156 at the bottom
and 1s disposed in the internal bubble removal space 150
positioned between the center blade 140 and the rear blade
160. The opening 156 1s positioned to face the substrate 80
that has passed the center blade 140.

The vacuum pump 152 1s connected to the hollow vessel
154 and 1s configured to be capable of placing the mnside of
the hollow vessel 154 at negative pressure by drawing the air
from the interior of the hollow vessel 154. In order to
facilitate the generation of the negative pressure, the dis-
tance separating the opening 156 of the hollow vessel 154
and the substrate 80 on which the coating film 1s formed 1s
preferably small.

Next, a tenth modified example 1s described.

FIG. 19 15 a side view for explaining the tenth modified
example according to the embodiment of the present inven-
tion.

As shown 1n FIG. 19, the laminated body forming appa-

ratus 100 can further comprise temperature control devices
182A, 1828, 182C for promoting the drying of the coating

f1lm.

The temperature control devices 182A, 182B, 182C
include a hot air generator, an inirared irradiation device,
and the like, are disposed in the external bubble removal
spaces 180A, 1808, 180C and are configured to be capable
of drying the coating film by increasing the temperature of
the coating film.

The temperature control devices 182A, 182B, 182C are
not limited to being disposed 1n the external bubble removal
spaces 180A, 180B, 180C and may be disposed on the lower
side (back surface side) of the substrate 80. In addition, the
temperature control devices 182A, 182B, 182C are not
limited to being independent and may be integrated (incor-
porated) with the die head apparatuses 120A, 1208, 120C.

Next, an eleventh modified example 1s described.

FIG. 20 1s a side view for explaining the eleventh modi-
fied example according to the embodiment of the present
invention; FIGS. 21A, 21B, and 21C are cross-sectional
views for explaining each of the die head apparatuses shown
in FI1G. 20; and FIG. 22 1s a schematic view for explaining
the formation of the laminated body by the laminated body
forming apparatus shown in FIG. 20.

The laminated body forming apparatus 100 shown in FIG.
20 1ncludes die head apparatuses 120A, 120B, 120C having
different configurations, and the device configuration 1is
simplified compared to the laminated body forming appa-
ratus 100 shown 1n FIG. 2.

As shown 1 FIG. 21A, the die head apparatus 120A
positioned on the farthest upstream side in the transport
direction T does not have the internal bubble removal space

150A and the rear blade 160A.

As shown in FIG. 21B, the die head apparatus 120B
positioned downstream of the die head apparatus 120A in
the transport direction T does not have the internal bubble
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removal space 150B and the rear blade 160B and has an
irregularly shaped portion 132 on the front surface 131 of the
front blade 130B. The distance separating the front blade
130B and the substrate 80 1s set smaller than the distance
separating the center blade 140A of the die head apparatus
120A and the substrate 80, and the 1rregularly shaped portion
132 corresponds to the irregularly shaped portion 162 of the
rear blade 160A, which 1s omitted 1n the die head apparatus
120A.

As shown 1 FIG. 21C, the die head apparatus 120C
positioned downstream of the die head apparatus 120B in
the transport direction T has an irregularly shaped portion
132 on the front surface 131 of the front blade 130C. The
distance separating the front blade 130C and the substrate 80
1s set smaller than the distance separating the center blade
140B of the die head apparatus 120B and the substrate 80,
and the irregularly shaped portion 132 corresponds to the
irregularly shaped portion 162 of the rear blade 160B, which
1s omitted 1n the die head apparatus 120B.

That 1s, the front blade 130B of the die head apparatus
120B, the external bubble removal space 180A, the front
blade 130C of the die head apparatus 120C, and the external
bubble removal space 180B also serve respectively as the
rear blade 160A of the die head apparatus 120 A, the internal
bubble removal space 150 A of the die head apparatus 120A,
the rear blade 160B of the die head apparatus 120B, and the
internal bubble removal space 150B of the die head appa-
ratus 120B.

Specifically, as shown 1n FIG. 22, the substrate 80 passes
through the pool of the slurry S , and the center blade 140A,
thus, applying the slurry S, and forming the coating film.

The substrate 80 then passes through the external bubble
removal space 180A. At this time, since the thickness of the
coating film of the slurry S , 1s thin, the bubbles contained 1n
the coating {ilm are removed by floating to the surface of the
coating {ilm and escaping.

The substrate 80 then passes by the front blade 130B of
the die head apparatus 120B. At this time, the surface of the
coating film of the slurry S, 1s smoothed (corrected) by
means of the rroning effect of the press, thereby forming the
coating film 42 with a uniform thickness. Additionally, the
irregularly shaped portion (curved portion) 132 of the front
blade 130B functions as a guide portion that guides the
bubbles contained in the coating film to the surface of the
coating film to thereby efliciently remove the bubbles con-
tained 1n the coating film 42.

The substrate 80 then passes through the pool of the slurry
S, and the center blade 140B, thus applying the slurry S;
and forming the coating film.

The substrate 80 then passes through the external bubble
removal space 180B. At this time, since the thickness of the
coating film of the slurry S 1s thin, the bubbles contained 1n
the coating film are removed by floating to the surface of the
coating film and escaping.

The substrate 80 then passes by the front blade 130C of
the die head apparatus 120C. At this time, the surface of the
coating film 1s smoothed (corrected) by means of the ironing
ellect of the press, thereby forming the coating film 52 with
a uniform thickness. Additionally, the irregularly shaped
portion (curved portion) 132 of the front blade 130C func-
tions as a guide portion that guides the bubbles contained in
the coating film to the surface of the coating film, thereby
cellecting the eflicient removal of the bubbles contained 1n
the coating film.

The substrate 80 then passes through the pool of the slurry
S~ and the center blade 140C, thus, applying the slurry S
and forming the coating film.
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Thereatter, the substrate 80 passes through the internal
bubble removal space 150C. At this time, since the thickness
of the coating film of the slurry S, 1s thin, the bubbles
contained 1n the coating film are removed by floating to the
surface of the coating film and escaping.

The substrate 80 then passes by the rear blade 160C. At

this time, the surface of the coating film 1s smoothed
(corrected) by use of the wroning effect of the press, thereby
forming the coating film 62 with uniform thickness. Addi-
tionally, the irregularly shaped portion (curved portion) 162
of the front blade 160C functions as a guide portion that
guides the bubbles contained i1n the coating film to the
surface of the coating film to thereby efliciently remove the
bubbles contained 1n the coating film. The substrate 80 then
passes through the external bubble removal space 180C.

As described above, by use of the die head apparatus and
the coating method according to the present embodiment,
since the thickness of the slurry 1s thin after passing by the
center blade, 1n the internal bubble removal space (internal
impurity removal space) positioned between the center blade
and the rear blade, the bubbles (impurities) contained in the
coating film of the slurry are removed by floating to the
surface of the coating film and escaping. In addition, the
slurry surface 1s smoothed (corrected) when the substrate
passes by the rear blade, thereby forming the coating film
with a uniform thickness. Accordingly, 1t 1s possible to
provide a coating method and die head apparatus that can
form a coating film of umiform thickness without bubble
failures (1impurity failures) and without using a dedicated
bubble removal device (for the removal of impurities).

In the laminated body forming apparatus according to the
present embodiment, the incorporated die head apparatus 1s
able to form the coating film with uniform thickness without
bubble failures and without using a dedicated device for
bubble removal. In addition, in the coating film formed by
the die head apparatus, the remaining bubbles are removed
in the external bubble removal space (external impurity
removal space), after which another slurry 1s applied to the
surface thereof by another die head apparatus, thereby
forming the laminated body of the coating film. Accordingly,
it 1s possible to provide the laminated body forming appa-
ratus that can form the laminated body of the coating film of
umiform thickness without bubble failures and without using
a dedicated device for bubble removal.

The center blade preferably has a rotation application
portion that applies a rotational force to the slurry of the
pool. In this case, 1t 1s possible to efliciently feed the bubbles
contained in the coating film of the slurry to the internal
bubble removal space.

The rotation application portion can be configured from
an 1rregularly shaped portion having an inclined portion
and/or a curved portion. In this case, the rotation application
portion 1s embodied 1 a simple configuration.

The center blade preferably has a guide portion that
guides the slurry in a direction away from the substrate and
toward the internal bubble removal space. In this case, the
slurry S 1s discharged so as to be guided by the guide portion
and expand, so that eflicient removal of the air bubbles
contained 1n the slurry 1s possible.

The guide portion can be configured from an inclined
portion. In this case, the guide portion of the center blade 1s
embodied 1n a simple configuration.

The rear blade preferably has a guide portion that guides
the bubbles contained 1n the coating film of the slurry to the
surface of the coating film. In this case, it 1s possible to
elliciently remove the air bubbles contained 1n the slurry.
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The guide portion of the rear blade can be configured from
an wrregularly shaped portion having an inclined portion
and/or a curved portion. In this case, the guide portion of the
rear blade 1s embodied 1n a simple configuration.

The curved portion preferably has a roller shape. In this
case, 1t 1s possible to reliably smooth (correct) the surface of
the coating film.

The internal bubble removal space 1s preferably at nega-
tive pressure. In this case, since the bubbles contained in the
coating {ilm of the slurry readily float to the surface, the
bubbles can be reliably removed.

In the laminated body forming apparatus, it 1s possible to
simplily the device configuration by configuring the internal
bubble removal space and the rear blade of the die head
apparatus (first die head apparatus) to also serve as the
external bubble removal space positioned on the down-
stream side 1n the transport direction and the front blade of
the die head apparatus (second die head apparatus).

The front blade of the second die head apparatus prefer-
ably has a guide portion that guides the air bubbles remain-
ing 1n the coa‘[mg film to the surface of the coatlng film. In
this case, 1t 1s possible to efliciently remove the air bubbles
that remain in the coating film even after having passed
through the external bubble removal space by use of the
front blade of the second die head apparatus.

The guide portion of the front blade can be configured
from an 1rregularly shaped portion having an inclined por-
tion and/or a curved portion. In this case, the guide portion
of the front blade 1s embodied 1n a simple configuration.

The present invention 1s not limited to the embodiment
described above, and various modifications are possible
within the scope of the claims. For example, the impurities
to be removed 1s not limited to bubbles (air bubbles), and the
present invention may also be applied to dust removal. In
addition, 1t 1s possible to appropriately combine modified
examples 1 to 11.

The 1nvention claimed 1s:

1. A die head apparatus for forming a coating film by
applying a slurry to a substrate that is transported, the die
head apparatus comprising:

a front blade that 1s positioned to abut a flat surface of the
substrate from a direction above the substrate, the
substrate extending along a horizontal direction that 1s
orthogonal to a vertical length of the front blade that
extends 1n a direction of gravity;

a rear blade positioned downstream of the front blade in
a transport direction of the substrate;

a center blade positioned between the front blade and the
rear blade; and

an internal impurity removal space positioned between
the center blade and the rear blade that removes 1impu-
rities contained 1n a coating film of the slurry formed by
passing by the center blade;

the front blade and the center blade being configured to
form a pool of the slurry, and

a distance separating the rear blade and the substrate
being set smaller than a distance separating the center
blade and the substrate.

2. The die head apparatus according to claim 1, wherein

the center blade has a rotation application portion that
applies a rotational force to the slurry i the pool.

3. The die head apparatus according to claim 2, wherein

the rotation application portion 1s configured from an
irregularly shaped portion formed on a surface of the
center blade facing the front blade, and

the irregularly shaped portion has at least one of an
inclined portion and a curved portion.
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4. The die head apparatus according to claim 1, wherein

the center blade has a guide portion that guides the slurry
constituting the coating film 1n a direction away from
the substrate and toward the internal impurity removal
space.

5. The die head apparatus according to claim 4, wherein

the guide portion 1s configured from an inclined portion

formed on a surface of the center blade facing the rear
blade.

6. The die head apparatus according to claim 1, wherein

the rear blade has a guide portion that guides impurities

contained 1n the coating film to a surface of the coating
film.

7. The die head apparatus according to claim 6, wherein

the guide portion of the rear blade 1s configured from an

irregularly shaped portion formed on a surface of the
rear blade facing the center blade,

the wrregularly shaped portion has at least one of an

inclined portion and a curved portion, and

a distance separating a start position of the irregularly

shaped portion and the substrate is set to be larger than
the distance separating the center blade and the sub-
strate.

8. The die head apparatus according to claim 7, wherein

the curved portion of the 1rregularly shaped portion con-

stituting the guide portion of the rear blade has a roller
shape.

9. The die head apparatus according to claim 1, wherein

the mternal impurity removal space 1s under negative

pressure.

10. The die head apparatus according to claim 1, wherein

the impurities are bubbles or dust.
11. A laminated body forming apparatus comprising a
plurality of the die head apparatuses according to claim 1 for
forming a laminated body on the substrate that is trans-
ported, wherein
the plurality of the die head apparatuses are arranged 1n
series along the transport direction of the substrate, and
the laminated body forming apparatus further com-
Prises

a plurality of external impurity removal spaces that
remove i1mpurities contained i1n a coating film of a
slurry are respectively provided on downstream sides
of the plurality of die head apparatuses 1n the transport
direction.

12. The laminated body forming apparatus according to
claim 11, wherein

the impurities are bubbles or dust.

13. The laminated body forming apparatus according to
claim 1, wherein

the front blade has a triangular cross-sectional shape with

a slanting edge that faces the center blade.

14. A coating method for forming a coating film by
applying a slurry to a substrate that 1s transported by use of
a die head apparatus, which has a front blade positioned to
abut a flat surface of the substrate from a direction above the
substrate, the substrate extending along a horizontal direc-
tion that 1s orthogonal to a vertical length of the front blade
that extends 1n a direction of gravity, a rear blade positioned
downstream of the front blade 1n a transport direction of the
substrate, a center blade positioned between the front blade
and the rear blade, and an internal impurity removal space
positioned between the center blade and the rear blade, and
in which a distance separating the rear blade and the
substrate 1s set to be smaller than a distance separating the
center blade and the substrate, the coating method compris-
ng:
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applying the slurry to the substrate to form the coating
film with the center blade as the substrate passing
through the slurry pool that 1s formed between the front
blade and the center blade;

removing the impurities contained in the coating film of °

the slurry that 1s applied to the substrate as the substrate
passes through the internal impurity removal space by
floating the impurities to a surface of the coating film
so that the impurities escape; and

forming the coating film with a uniform thickness by
smoothing the surface of the coating film as the sub-
strate passes the rear blade.

15. The coating method according to claim 14, wherein

the impurities are bubbles or dust.

16. A laminated body forming apparatus, comprising:

a plurality of die head apparatuses for forming a coating,
film by applying a slurry to a substrate that i1s trans-
ported, each of the die head apparatuses comprising,
a front blade,

a rear blade positioned downstream of the front blade
in a transport direction of the substrate,
a center blade positioned between the front blade and
the rear blade, and
an internal impurity removal space positioned between
the center blade and the rear blade that removes
impurities contained in a coating film of the slurry
formed by passing by the center blade,
the front blade and the center blade being configured
to form a pool of the slurry, and a distance
separating the rear blade and the substrate being
set smaller than a distance separating the center
blade and the substrate,

the plurality of die head apparatuses being arranged 1in
series along the transport direction of the substrate, and

the laminated body forming apparatus further comprises a

plurality of external impurity removal spaces that
remove impurities contained mm a coating film of a
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slurry are respectively provided on downstream sides

of the plurality of die head apparatuses 1n the transport

direction,

the plurality of the die head apparatuses including

a first die head apparatus, and

a second die head apparatus that 1s adjacent to the first
die head apparatus and that 1s positioned downstream
of the first die head apparatus in the transport direc-
tion of the substrate,

a front blade of the second die head apparatus also
serves as a rear blade of the first die head apparatus,

the external impurity removal space positioned
between the first die head apparatus and the second
die head apparatus also serves as an internal impurity
removal space of the first die head apparatus, and

a distance separating the front blade of the second die
head apparatus and the substrate 1s set to be smaller
than a distance separating a center blade of the first
die head apparatus and the substrate.

17. The laminated body forming apparatus according to

20 claim 16, wherein
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the front blade of the second die head apparatus has a
guide portion that gmides impurities remaining in the
coating film that has passed through the external impu-
rity removal space to the surface of the coating film.

18. The laminated body forming apparatus according to

claim 17, wherein

the guide portion of the front blade of the second die head
apparatus 1s configured from an irregularly shaped
portion formed on a surface of the front blade that faces
the center blade of the first die head apparatus,

the 1rregularly shaped portion of the front blade has at
least one of an inclined portion and a curved portion,
and

a distance separating the irregularly shaped portion of the
front blade and the substrate 1s set to be greater than the
distance separating the center blade of the first die head
apparatus and the substrate.
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